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STRUCTURE OF SOME CRYSTALLINE ORGANOLITHIUM
COMPOUNDS. TERNARY COMPLEXES

By
T.V. Talalaeva and K.A. Kocheshkov

During & systematic study of conditions of formation, structure asd
properties of organo-alkalil metal compounds, in particular during the stedy
of their individual crystalliine habits, the authors have noticed that, upom
action of lithium on bromcbenzene in ether, the resulting crystalline solid
has & more complex character than indicated by the formula CgHglLi.

This cbservation is of importance first because the direet astion ot
the metal on the alkyl or aryl halides. is omne of the principal metheds of
synthesis of organc-lithium compounds, and secondly becsuse it is elesely saso-
olated with the question of structure of Grignard ocmplexes, the study of whieh,
during the several decades (1900-1930) has shown their considerable esmplamity.

Actually, as the suthors have shovn™ ¢, and have experimestally provem,
the structure of organo-lithium compounds, descrided in this artiele, shews &
definite analogy vith the organo-megnesium complexes, end have em aryl metal
or an alkyl-metal, & metal halide and ether as the complex ccmponents.

The existemce of lithium bromide monoetherats, LiNN(Colgle®, Gssarthed
by the suthors in this article for the first time, even further Supperts L)
edove mmtioned analogy to the organc-sagnesium ecmplexes. **

Finally, the marked difference betveen the sutbors' data and the re-
sults of B.M. Mixhailov and ¥.G. Chernova®, and the impossidility of dwplieating
their experimental methods of preparing phenyl lithium mencetherste frem Weane-
bensene snd lithium 1s ether, has prompted the suthors to investigate other
metheds of preparstion of the complex, From the mqmm-u-t
ehenical snalyses offered belov it can be seen that in the direct reashies %e- - :
tween bramcbensene (or p-bromotoluene) and lithium in ether solwtien the exfetal.
1ime resction products that separste out have the following ocmgplex g
corresponding to formulas I and II.

2CgHgLi.LiBr. 2(CpBy)g0 I
2@-650.6.&14).14&.?(0:&)-0 I

# HNaturally the structure of organo-lithium compounds, as & univalent mstal dses
not include the type analogous to RmgX,
#* The suthors also ebtained lithium iodide monostherate
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According to Mikhailov and Chernova®, however vho, it seems have missed &uring
their analyses about 20 percent lithium bramide, the complex should have the
following composition: .

CeHsLi. (CoHs)z0 III

For more complete proof of the structure of the ternary oomplexes of
1ithium, the suthors have developed another independent synthetic method of
their preparation, by reaction of orystalline Phenyl-lithium (or p-Seluyllithium)
vith excess lithium bromide (or more exactly its monoetherste) in ether solution,
The resulting orystalline solids vere analyzed. Their analysis showed them to
correspond to the compositions represented by I and II. In this manmer twe in.
dependent methods of preparstion lead to the same complex teraary lithium oom.
position.

The isolation of these ternary camplexes does not exclude the pessidility
of cbtaining individual RLi, as vas first shown by Schlenk®, ead further

by the suthors on the basis of perfected methods of preparstion, as descrided inls "
42 well as the possibility of cbtaining the RLi etherates, as deserfhed by Grosee®,

Undoubtedly, the composition of the above discussed termary eomplexes de-

pends on their solubility, temperature, subsequent treatamt, ete. The adove

mentioned lithium bromide monoetherate was prepared according t0 the following
equation: .

CligBr-CHgB+ 21— 2LiBr + Clg = Clg

The above reaction vas carried out in ether. The monoetherste 1s guite salwble ta
ether even at -10°C at narmal concentrations. This fact explaing the abotnoe of |
1%s solid phase during the interactioa of organic bromides wvith lithism in other,

" The authors point ocut, that in the reemmt work of A.¥, Nomsisnov, A.B. Berisov
ad NV, m’mrommnmwrmto-mmdtu.
propenyllithium with lithium bromide. Also in the same wverk, there is & famlty
indication that during the reaction of n-butyl bromide vith lithiwm in other, the
lithium dromide sppears as a solid phase., The suthor's data indieate What wader
Bormal conditions, essentially all lithium bromide remains in salution.

Bperinetal

All of the experimental procedures vere carried cut iam the atacapbere of 3
&ry nitrogen, in a special apparatus, described in author's previous stmmunications, -
using carefully dried reagents, .

tion of 2 Li, LiBr,2(Cole )20 from Bromobenzene and Li:

A. Solution of pheny) lithium is ocbtained, as usual from 31.4'grems ef bromo.
bensene (0.2 moles) and 3.35 grams of lithium (0.4 moles + 20§ exesss) ta 120 ul,
of diethyl ether. After standing overnight the solution was found to be 1.137 ¥
vith respect to phenyl lithium and 1.366 N with respect to lithiwm bromide. Diethyl

ether is then partially removed by distillation - 15 ml of other are removed fiom
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3.

50 ml of clear solution. Upon cooling the concentrated solutiom in ice, a
quantity of transparent needle crystals separstes out of mother liguor (with a
small amount of heavy sediment found on the bottom of reaction flask). Upom
reheating, the needle-like crystals dissolve, and the solution is allowed to
stand for 10-15 minutes. The clear solution 1is then decanted off to amother
vessel and is again cooled with ice. The resulting needle crystals are filtered
Off using & fritted glass filter and then are dried in a small streem of &ry
aitrogen until they stop adhering to the sides of the filtering vessel. The
dried orystals are transferred to a tared smpule and veighted. For amalysis a
weighed sample is transferred from an supule t0 & small flask cemtaiaing 10-15 ml
of &ry benzene. It is then slovly decomposed first with small portions of ethanol,,
then with vater. JFor analytical data, see Table IA.

B. In oarrying out the reaction under conditions specified by B.M. Mikhailov
and N.B. Chernove? for preparstion of "phenyl 1ithium monoetharete” - 1.5 grems
lithium, 15 grams bromobenzene in 30 ml of diethyl ether - after csoling t0 recm
temperature and standing overnight - a dark liguor 1s obtained with & esnsideredble
@mount of heavy whitish sediment, intersperced with trensparent vhite erystals.
Upon reheating of the reaction mass, the transparent crystals are rekiscsived, the .4
elear liquor is decanted off into ancther vessel and occoled again. The tvumeperest
Reedle like orystals are filtered and dried as described edove. Amalysis of the
&ry product is shown in Teble IB.

Tus, even under these conditions of higher concemtrstien of reastants,
crystals of the ternary complex are ocbtained, corresponding almsst emaetly (withia
the limits of experimental error) to solids obtained in test A (and 20t the memo-
otherate CoHgLi(Celiz)e0. - ’

Table I
Semple | ML.IN | ML.IN |CeHgLi or | Likr
Veight | HaS0, | AgNoy CHsColigli | percent |by aife, Bl. reties
percent pexroant
A [o0.22 11.12 | 5.28 (42.06 20.67 |371.21 g lo. 2.0
0.23 11.71 | 5.47 |k2.0h 19.86 !z.m ' ] O.g t X
B |o.227 | 10.33 | k.91 [k0.77 20.05 ;3.18 8 jo.9% |22
0.2293 | 11.20 | 5.32 k1.00 20.15 N..] 2 ]o.95 |a,
€ |o.b112 | 19.90 | 9.72 |ho.62 20,52 |38.86 2 10.97 {2.26
0.4848 23.30 |11.63 Lo. 34 20.83 38.83 2 lo.99 | 2.18
D |o.2ak2 | 10.01 | 4.8% |46.20 19.58 [3h,22 2 10.96 |1.96
0.187 8.70 | 4,25 [45,57 19.73 | 3h.70 2 ]0.97 {2.0
) 0.3036 k.30 | 7.30 L6.16 20.88 33.96 2 J1.02 21,95
0.2904 | 13.63 | 6.90 k5,99 20.6 33,37 2 l1.a (191

Analysis of the heavy whitish s0lid sediment shows it

lithium bromide, a concentrated solution of pheyl lithium and fimely divided
lithium metal.

4
4
.
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C. Preparation of 2CqHsLi.IiBr2(CHs)e0 from crystalline phemyl lithium
and in ether solution of lithium bromide.

Crystalline phenyl lithium was obtained from 350 ml of 0.615 N bensene
solution of ethyl lithium (0.28 moles) and 43.9 grams (0.28 moles) of dromo-
benzene at room temperature, standing overnight, in a quantitative yield, The
- erystalline precipitate (24.79 grams, 0.20 moles), contailning.a small smouat
(3-5%) of lithium bromide, which, as pointed out in suthor's earlier work
Tesults from the exchange reaction with bromobenzene, vas filtered off, washed
vith iscpentane, dried in a stream of dry nitrogen and then dissolved, with -

of 1,65 ¥ ether solution of lithium bromide (see belov) -17.9 grems Lidr, 0.2
moles - are added. The resulting solution is then filtered through a flwsed ;
paper filter to get rid of a slight turbidity®. The clear filtrats is emmesmtreted
by removal of 100 ml of diethyl ether by distillation. Upon eceling ia iee, §
large crop of besutifully formed needle crystals almost £ills the
the solution. These are filtered off on a fritted glass filger

mimites in & mmall swveep of dry nitrogen. 7The dry crystals are X

The amalytioal data are listed in Teble I, C. Simce in this pregesutien
odded in definite axcess, the filtrate from this preparation is eariched
(the ratio of Cgligli to LiBr in filtrate is approximately 2:3

b tiom of 2p- JLiBr.2 B
in ution

A solution of p-toluyl lithium vas prepared from 34 grems (0.8
pMﬂﬂ).)Sa-s(o.buluoﬂo‘m)ﬂu‘*D -

ether. After standing it was found to be 1.208 ¥ vith rempest % ptaluyl
and 1,368 ¥ in lithium bromide., This sclutiom was conasivitiof by &is-
on of ether (15 ml of ether removed for every 50 ml of selwtiem). The ve-
ing concentrated liquor vas cooled to -20°C. Crystallisation of small meedle
like erystals vas induced by agitation and scratching with a glase red. Shese - ¥
crystals vere filtered and dried as described previously ia case of phenyl lithiws .
derivatives. The analytical data are shown in table I, B. .

a4 Lithium Bromide in Bther Solution .
Crystalline p-toluyllithium vas cbtained fiom 100 ml of 1.Al § bensene
selution of ethyl lithium (0.1h mole) in 25.9 grams (0.1h moles) ef pdremvteluene
after standing overnight. The resulting precipitate is filtered, washed twice
vith isopentane and dried in the dry nitrogen sweep (yield 10.2 grams inednde 19%
lithius bromide impurity). These solids are dissolved ia 70 ml of 1.65 N ether
solution of lithium bromide (0.1l moles), at the bo tapearature of diothyl
ether (only a small, heavy sediment remains undissolved). The semlting Liguer
is then concentrated by distillation of diethyl ether watil & 30 ml velwme of
solution remains. The clear supernatant liquor is decanted off inte smether vessel 3

in order to separate it from the heavy whitish sediment (LiBr, 11 + ligeer -
trainment). It is then cooled to -35°C. The heavy crystalline mass is filtered,

i

1
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sucked dry and swet Witk dry r.trige fop 25-50 minutes. Por analysis of
dry product, see Tabie I, E.

4

Lithium Bromide Monio:thernte Lt Br (Cals )20
The monoetherate s prepared by the following procedure:

To 7 grams (1.0 mylec) nf firely cut up lithium in 350 cc of dlethyl
ether 74.8 grams (0.4 moles) of 1,2 ditromoethane in 200 ml of dietlyl ether
are added dropwise with vigoerous agitation over a period of three hours. The
reaction mass is then warmed up to a gentle reflux for an additional ome bour.

The reaction is camplete when nn more evolution of ethylene is cbserved. The
reaction slurry is then fil‘ereq through a fluted paper filter. The elear, color-
less filtrate is 1.65 N in 1i*hium bromide, which represents a 91 pereent yield.

The clear solution is ther roncentrated to approximately Malf its volume
) "“"S‘y‘mﬂu-“ﬁo'ﬁ"ur'uhmx ether 1 a° stream of-dry nitroger.- -The resmulting -
clear supernatant is decanted from e small smount of heavy sediment and then
eooled to -70°C. The resulting crystalline solids of lithium bromide monoetherate

are filtered off, washed 1ry and further dried in the dry nitrogem eweep for a
period of 30-35 minutes. Yield 56 grams,

Analyzed samrles were found to contain 49.52 and 49.80 peresnt Br i
LiBr.0(Cells )p Theoretizal 49.69 percent Br: Also from smalysis 1 mele of imu- ]
bromide is combined with 1.01-1.08 mles diethyl ether. The momsetherate is sssily 4

-dissolved in ether; the saturated solution at room tempersture was found to e '
1.8-1.9 ¥ in lithium bromide. Upon further drying of the lithiwm Wremide mono-
otherate crystals by heating to 50-60°C it is possible to remove ether sad ocbtain 3
pare lithium bromide in the form of dull vhite, heavy powder. i

Found ¢ Br 91.40, 91,81 LiBr cale. § Br 92,05

It 18 inter=sting to rote that anhydrous LiBr cbtained ia this manner is
Qite hard to dissolve in ether
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